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ABSTRACT
Phasmids in the tropical and temperate zones are known to exhibit both polyphagous and monophagous behavior.
Because more plants are better protected in the tropics, the expected number of host-plant specific insects, including
Phasmids, should be higher. The diets of seven Phasmid morphospecies and a nymph group in the families
Psuedophasmatidae and Phasmatidae of the Monteverde cloud forest, Puntarenas, Costa Rica, were studied. Results
showed that these morphospecies consumed different amounts and different plant species (two-way ANOVA, P <
0.0001). Amount consumed increased with size as measured by tibia length. All morphospecies were polyphagous,
but had differing plant preferences. Diet composition and breadth depended on morphospecies. Nymphs, however,
were monophagous on Conostegia oerstediana. This study also investigated Phasmid camouflage. Phasmids of three
color classes showed no significant difference in preferred resting substrate (two-way ANOVA, P < 0.0001).
Phasmids most likely rely on other defense mechanisms, such as body shape and behavior, for protection.
_____________________________________________________________________________________________

RESUMEN
Phasmidas en las zonas tropical y templada han mostrado un comportamiento polifago y monofago. Porque hay más
plantas que son protegidas químicamente en el trópico, se espera que el número de insectos específicos de plantas sea
superior. Se estudió la alimentación de siete morfoespecies y un grupo de ninfas de Phasmidas en las familias
Puedofasmatidae y Phasmatidae del bosque nuboso de Monteverde, Puntarenas, Costa Rica, al ofrecer siete plantas
diferentes que fueron comidas en el campo. Los resultados mostraron que estas morfoespecies consumieron
cantidades diferentes y especie de plantas diferentes (dos-moda ANOVA, P < 0.0001). La cantidad consumida creció
con tamaño de tibia. Todas las morfoespecies fueron polífagos, pero tenían preferencias diferentes de plantas. Ninfas,
sin embargo, fueron más específicas consumiendo solo Conostegia oerstediana. La composición y el ancho de la
alimentación dependió de la morfoespecie. También, este estudio investigó el camuflaje de las Phasmidas. A
Phasmidas de tres clases de colores diferentes se les ofreció tres substados diferentes, pero no hubo diferencias
importante entre la coloración de Phasmida y substrado (dos-moda ANOVA, P < 0.0001). Phasmidas probablemente
depende de otros mecanismos para defenderse, como lo es la forma del cuerpo y su comportamiento.
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INTRODUCTION
Phasmida is a relatively poorly studied order of insects. Most Phasmids bear remarkable
resemblance to sticks or leaves. There are over 2,500 species in the world, the majority in the
tropics. All are nocturnal herbivores, and have mandibulate mouthparts in both juvenile and
adult stages for chewing leaves (Lowman & Morrow 1998). Adults live from a couple weeks

to a year, depending on the species (Bedford 1978). They exhibit hemimetabolous
development and sometimes reproduce by parthenogenesis. The order is currently divided
into six families: Timemidae, Psuedophasmatidae, Bacunculidae, Heteronemiidae,
Phasmatidae and Bacteriidae (Borror et al. 1989).
Phasmid outbreaks are rare, but they can cause considerable damage when they occur.
In southern Australia in 1963 approximately 650 square miles of Eucalyptus were defoliated
by Didymuria violescens (Bedford 1978). In Michigan, Diapheramera femorata is known to
defoliate black oaks to the point of death, and Graeffea crouani can cause severe enough
damage to affect crop production in Pacific coast coconut plantations (Bedford 1978).
Despite these and other outbreaks, feeding behavior of Phasmids is not well known. After
hatching, nymphs immediately climb to a host plant and begin to feed (Bedford 1978). While
some Phasmid species are polyphagous both in the field and laboratory, existing literature
states that they tend to be monophagous (Bedford 1978).
Insect host plants must not contain substances that block successful utilization of
nutrients, and must provide chemical and physical cues that promote successful foraging and
feeding (Barbehenn et al. 1999). Herbivorous insects have nutritional requirements similar to
those of vertebrates, and that can be divided into three categories: macronutrients (proteins,
carbohydrates, lipids and water), micronutrients (vitamins, minerals and trace elements) and
nonnutrient chemicals for various specialized needs (Barbehenn et al. 1999). Protein and
water can be limiting nutrients for herbivorous insects, especially in the case of those that
feed on foliage (Barbehenn et al. 1999). These factors can lead to host plant specialization
(Barbehenn et al. 1999). Specialist organisms have a smaller range, variance and breadth of
food sources (Schoener 1971). Furthermore, plant chemical defenses increase the likelihood
of specialization. There are over 100,000 allelochemicals in plants that are known to promote
or deter feeding and/or have toxins that affect the uptake of macronutrients and
micronutrients. (Barbehenn et al. 1999). Specialist herbivores have coevolved with their host
plants, and therefore deal more efficiently with host plant chemical defenses (Coley &
Barone 1996). Adaptations include detoxification, sequestration, elimination in metabolized
or unmetabolized form, altered timing of feeding stages to avoid seasons when chemicals are
most abundant and physically blocking the defensive compound (Futuyma & Keese 1992).
Phasmids have a wide range of defensives, both in behavior and coloration. They are
often cryptically colored, being brown or green, and some being able to change color with
light, humidity or background (Bedford 1978). Others have bodies "covered with foliaceous
excrescences creating a mossy or lichenose appearance" (Bedford 1978). Orxines macklotti,
one of these insects in Java, apparently chooses to hide on substrates that match its
appearance (Bedford 1978). Some species are ant mimics while young; others mimic
scorpions by curling up their abdomens when threatened (Owen 1980). Many have
aposematic wing coloration and/or can secrete foul-smelling fluids (Owen 1980). Phasmids
will shed legs when necessary and exhibit a "freezing" behavior, or swaying motion (to
mimic foliage) when perturbed. This freezing behavior in combination with their cryptic
appearance protects them from predators such as red ants, spiders and birds (Bedford 1978).
Because so little is known about Phasmids, the purpose of this study was to find out
more about their basic natural history. Regarding their foraging, the intent was to discover
the diet breadth and composition of common Phasmid species around Monteverde, Costa
Rica. Since more plants are chemically protected in the tropics than temperate zones (Coley &

Barone 1996), Phasmids in Monteverde are expected to have specialized diets. Furthermore,
this study investigated whether Phasmid coloration affects resting substrate preference.
Phasmids should seek substrates that most closely match their coloration, as in the case with
O. macklotti.

MATERIALS AND METHODS
This study was conducted from April 9th to May 5th, 2003 in Monteverde, Puntarenas, Costa
Rica. Phasmids were searched for between the hours 1830 and 2200 on Sendero Principal
behind the Estación Biológica Monteverde, in Premontane wet forest (800-1450 m) and Lower
montane wet forest (1450-1600 m) (Haber 2000).
Alternating between four locations on Sendero Principal, a flashlight was used to
search 100 m long transects. Vegetation within 1 m2 on either side of the transect and up to 2
m in height was searched. When a Phasmid was encountered, it was placed in a plastic bag
with a branch of the plant it was on. Behavior (foraging and defensive) and first tibia length
were noted. The Phasmids were classified by family and morphospecies under a microscope
and using existing keys. The individuals that were too small to determine morphospecies were
classified as nymphs.
Foraging.
Phasmids were placed in 10 cm x 10 cm x 9 cm plastic containers with swabs of moist paper
for hydration. The first two weeks, as individuals were being collected, they were maintained
by being feed the plant they were found on. Once experimentation began they were put on
rotations of 24 hours without food and 24 hours with an array of leaves from different species
of plants. The 24-hour period without food ensured that they consumed plant materials during
the trial period. In the 24-hour feeding period, the newest green leaves from the species of
plants the Phasmids were found on in the field were used. The amount of each leaf consumed
in the 24-hour period was measured using a 2 mm2 grid. There were three to eight trials
preformed on each individual.
Camouflage.
Three substrates, a brown dry leaf, and unpalatable green leaf and a piece of branch, were
taped to the inside of the lid of a 10 cm x 10 cm x 9 cm translucent plastic container.
Phasmids were divided into three color classes: light green, dark green and brown. During the
day, one Phasmid was placed in each of these containers, equidistant from the three
substrates. The containers were placed on an open shelf where the Phasmids were still
experiencing daylight conditions, and thus searching for hiding locations. After 15 minutes,
the lid was opened and the substrate the phasmid found was resting on was recorded. Five
trials were preformed on each individual. During these same five trials, defensive behaviors of
individuals were also observed and recorded.

RESULTS
Six morphospecies in the family Psuedophasmatidae (Ps.), one in the family Phasmatidae
(Ph.) and one of the family Heteronemiidae (He.) were found. Not enough data was collected

from the morphospecies in the family Heteronemiidae so it was not used in calculations. In
the field the Phasmids were found on seven species of plants more than once: Myrsia
splendens and Myrdanthes fragrans (Mrytaceae), Justicia orestedii (Acanthaceae),
Conostegia oerstediana, (Melastomataceae), Cinnamomum paratriplinerve (Lauraceae),
Cestrum sp. (Solanaceae) and Blechnum occidental, a fern in the division Pteridophyta.
Cestrum sp. was not consumed at all and therefore removed from the calculations.
Foraging.
Morphospecies in the families Psuedophasmatidae and Phasmatidae consumed both
significantly different amounts and different plant species (two-way ANOVA, P < 0.0001)
(Fig. 1). The amount consumed was positively related to size, as measured by first tibia
length. The tibia length was significantly different between morphospecies (two-way
ANOVA, P < 0.0001) (Fig. 2). There was a significant difference in the amounts consumed
of each plant species (two-way ANOVA, P < 0.0001) (Fig. 3).
Camouflage.
Individuals classified by color (light green, dark green and brown) showed no significant
difference in preferred resting substrate (green leaf, dry brown leaf and branch) (Chi-squared
test, X2 = 10.338, P = 0.1111). Of 26 individuals, six individuals always exhibited
freezing/dropping behavior when disturbed and five always mimicked scorpions.

DISCUSSION
Phasmid morphospecies in the families Psuedophasmatidae and Phasmatidae consumed
different amounts of plants (Fig. l). This is due to differences in size as measured by tibia
length (Fig. 2). Morphospecies with longer average tibia length consumed more plant
material. Therefore, the diet composition rather than the amount consumed is the important
interspecies effect in this study. Phasmids also consumed different amounts of each plant
(Fig. 3) Blechnum occidentale was the most consumed overall, followed by Justicia
orestedii, Conostegia oerstediana Cinnamomum paratriplinerve, Myrsia splendens and
Myrcianthes fragrans relatively.
Diet composition was different between morphospecies (Fig. 1). Morphospecies Ps.l,
Ps.2 and Ps.5 mainly consumed two plants, while morphospecies Ps.3, Ps.4, Ps.6 and Ph.l
consumed more even amounts of four or more plants. Nymphs consumed only Conostegia
oerstediana.
Morphospecies Ps.l, Ps.2 and Ps.5 were polyphagous but had definite preferences,
consuming only B. occidentale and J. orestedii (Fig.l). These plants may be poorly
defended. For example, though the widely distributed Bracken fern is infamous for
poisoning livestock, most ferns lack alkaloids and mono- and sesquiterpenes (Moran 2000;
Wagner & Gomez 1983) that are toxic to insects. However, since morphospecies Ph.l did
not consume B. occidentale, and Ps.3, Ps.4, and Ps.6 did not consume B. occidentale or J.
orestedii (Fig.l), it is likely that these plants are protected. Allelochemicals can have
different effects on different species. A specific allelochemical that is a toxin or deterrent for
one species can act as a feeding stimulant for another (Barbehenn et al. 1999). Also, high
levels of nutrients can offset the toxic or a nutritional effect of some allelochemicals

(Barbehenn et al. 1999). A toxic plant might be consumed regardless of defenses in order to
access the high levels of nutrients. Furthermore, these allelochemicals can be actively
incorporated or "co-opted," thus being beneficial to the insect (Futuyma & Keese 1992).
Morphospecies Ps.l, Ps.2 and Ps.5 could be tolerating these allelochemicals in order to gain
nutrition or be actively incorporation them, while Ps.3, Ps.4, Ps.6 and Ph.l lack these
adaptations and might utilize other feeding strategies.
Morphospecies Ps.3, Ps.4, Ps.6 and Ph.l showed relatively less defined preferences.
Morphospecies Ps.3, Ps.4, Ps.6 and Ph.l consumed four or more plants in more even amounts
and were therefore more generalized. While morphospecies feeding on B. occidentale and J.
orestedii have adapted to extract nutrients despite chemical defenses, these morphospecies
have not and thus must utilize other, lower-nutrient feeding strategies. Switching food plants
is a common strategy of insects feeding on low nutrient food (Barbehenn et al. 1999). Diet
mixing has been observed among herbivores, such as polyphagous grasshoppers, because it
allows insects to gain nutrients, balance nutritional content and/or reduce allelochemical
intake (Barbehenn et al. 1999).
Nymphs were highly specialized, eating only Conostegia oerstediana. This could be
because they were the same species, or it could be that nymphs of many species eat the same
types of plants. If this latter hypothesis is true, then C. oerstediana might supply nutrients
necessary for the growth and development of nymphs. Unpalatability, and chemical and
physical barriers can make feeding impossible for developing insects (Gordon 1999). As a
pioneer species, C. oerstediana is not well protected and could be easier for the nymphs to
digest. Plants that occupy favorable habitats, such as gaps or edges, grow rapidly and can
survive relatively high levels of herbivory (Feeny 1992). They have short-lived leaves that
are poorly defended (Feeny 1992). Though all the plants in this study were found in edge and
secondary growth areas, they exhibit varying levels defense. The super-abundant C.
oerstediana is a well-documented pioneer species (Haber et al. 2000) that could be less
defended than the other plants.
The seven morphospecies could be considered generalists, as they had greater range,
variance, and breadth of food sources (Schoener 1971). A wider diet breadth indicates that
they are searching for nutrients, and/or avoiding qualitative, "dose-dependent" toxins
(Lowman & Morrow 1998). Insects have been observed to select a diet from different foods
that gives them an optimal balance of nutrients (Barbehenn et al. 1999). Every species tested
was polyphagous except the group of nymphs. This was somewhat different than expected,
because though the Phasmids exhibited preferences, they were not monophagous. These
results were similar to the findings of Windsor and Massey, who noted that Calynda bicuspis
feed on at least 12 plants in the field (1983). Degree of preference was highly dependent on
the Phasmid species: three preferred to eat just two plants, but four ate four or more plants.
Though there is an assumption that tropical insect herbivores are more specialized, an
opposing theory states that the relative rarity of plants in the tropics can favor generalization
(Coley & Barone 1996). Being a generalist herbivore in the tropics can decrease search time
and therefore increase foraging efficiency.
There was no relationship between the coloration of the individual and the preferred
resting substrate. Phasmids chose substrates that were different from their coloration (i.e.
brown Phasmids rested on green leaves) as often as they chose ones that matched their
coloration. The elongate body shape and generally cryptic coloration of Phasmids is probably

sufficient for camouflage. Since 42% of Phasmids found exhibited freezing or scorpion
mimicking, it is also possible that they rely heavily on these defensive behaviors. There were
some interesting behavioral trends such as dark brown Phasmids more often exhibiting
freezing behavior or feigning death, and nymphs more often mimicking scorpions. These
groups may be more susceptible to predation.
Though tropical Phasmids were expected to be monophagous, tightly coupled
coevolution between two species is probably rare (Futuyma & Keese 1992). Despite diffuse
herbivore-plant relationships, specialization is still a major component of communities, and
might promote phytophage diversity if it increases the rate of speciation (Futuyma & Keese
1992). Though morphospecies were not monophagous, they still exhibited a marked difference
in diet composition and breadth. Furthermore, Phasmid coloration had less of an affect on
resting substrate preference than previously thought. This study was conducted at the end of
the dry season, which could have affected both the numbers and species of Phasmids found.
A similar study should be conducted when populations are more abundant in the wet season.
Phasmids in the Monteverde area were more general in both diet and resting substrate
preferences than expected, showing that still more work needs to be done to understand these
organisms, and to understand the roles of camouflage and specialization in tropical
herbivores.
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